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1. Datos Generales DESIGN OPTIMIZATION INTEGRATIONBRICKER

The global contribution from buildings towards
energy consumption has steadily increased
reaching near 40% in developed countries.
Buildings in EU27 Member States are responsible
for 40% of Europe’s energy consumption and 36%
of CO2 emissions.
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BRICKER aims to develop a retrofitting solution package for existing public-owned non-
residential buildings in order to achieve a drastic reduction of the energy consumption
(beyond 50%) and of the CO2 emissions. It is proposed that this goal is achieved by:

 Reducing the building demand with envelope retrofitting

 Implementing zero emissions energy production technologies based on a
cogeneration system fed with locally available and clean renewable sources.

 And integrating and developing operation strategies for the BRICKER Technologies
and guidance for design, commissioning and maintenance
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The retrofitting solution package is implemented in two real demonstration buildings,
located in different climate conditions in two different countries and with different end-
uses: health and higher education facilities.

University hospital located in AydinEngineering college located in 
Liège 
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HEATING DEMAND
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Engineering college located in Liège Monthly heating demand (2012)



ELECTRICITY DEMAND
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Engineering college located in Liège 
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Engineering college located in Liège 

Only electricity and heating are considered.

• ORC should be activated using biomass and work as many hours as possible in best
global efficiency operating point

• So, the equipment must be designed to attend the base heating demand in the form of
hot water between 60 and 80ºC

• The equipment must satisfy as much as possible the base of the electrical demand

TECHNICAL REQUIREMENTS

≈ 400 kWt

≈ 50 kWe
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University Hospital located in Aydin

ELECTRICITY, HEATING AND COOLING DEMAND

The final energy demand for heating and cooling
amount to 87.4 kWh/(m2y) and 28.2 kWh/(m2y),
respectively
• 13,000 kWt Natural gas boilers installed for

heating and SHW
• 10,000 kWt centrifugal chiller for cooling

demand
The primary energy content for heating is due to
gas consumption, while for cooling is associated to
electricity consumption.
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University Hospital located in Aydin

TECHNICAL REQUIREMENTS

Due to the importance of the refrigeration, it has been also included in the CHP
requirements and the CHP unit will contribute to the electricity, heating and cooling
demand (using and adsorption chiller).
Because of the size of the hospital building, the contribution provided by the BRICKER
system will only cover a small part of the total load of the building. Therefore, the existing
system and the BRICKER system will be operated jointly and the CHP unit requirements are
taken from Liège.
• Due to the climate conditions, the ORC should be solar activated.
• So, being solar activated, the equipment should contribute as much as possible to the

electricity, heating and refrigeration demand, depending on the power supplied by the
solar collectors.

≈ 400 kWt

(supporting existing
equipment)

≈ 50 kWe
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CHP TECHNICAL REQUIREMENTS

• Activation with low temperature (compatible with solar collectors technology → about
250ºC)

• Net electricity production about 50 kW (compatible with electricity consumption base
in Liège)

• Hot water production between 60 and 80 ºC (about 400 kW, compatible with heating
consumption base in Liège)

Hot water 
production

Electricity

Activation
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DESIGN

Once the technical requirements of the ORC are defined (CHP unit solar/biomass activated
producing electricity and hot water), the ORC design must be addressed attending the
selection of:

• Heat transfer fluids
• ORC working fluid
• Cycle configuration
• Components technology
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Heat transfer fluids

The heat transfer fluid selected for the activation loop has been thermal oil. The possibility
of using steam or pressurized hot water as heat transfer fluid has been rejected.
Water is the fluid that is heated at the ORC condenser for attending the heating or cooling
demand (through an adsorption chiller)
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ORC working Fluid

Regarding the working fluid selection, special attention has been taken in security
properties, as toxicity and flammability, thermal stability and environmental properties.

HFC-245fa

Fluid Toxicity/Flammability GWP ODP Tcrit (ºC) Pcrit (bar) Tmax (ºC)
Isopentane 600/Flammable 11 0
R245fa 400/Non-flammable 950 0 154 36.51 250
R1233zd(E) - HCFO 800/Non-flammable 1 ∼0 165.6 35.71 200
R1336mzz(Z) - HFO 500/Non-flammable 2 0 171.3 29 250
SES36 1000/Non-flammable(*) 3710 0 177.55 28.49 190
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Cycle configuration

Attending to the ORC configuration, a regenerative cycle has been adopted in subcritical
conditions, limiting the maximum temperature to 250ºC.

HFC-245fa
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Components and technology adopted

• Compact brazed plate heat exchangers
• Volumetric expander
• ORC pump

ORC Expander prototype 

ORC Pump prototype 
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Simulation software

Using estimated efficiencies for expander and pump, a simulation software has
been used to optimize the performance in the desired operating point
(considering the regenerative configuration activated up to 250ºC and
producing hot water between 60 and 80ºC).

Input data:

Working fluid

Evaporating pressure
Superheating
Regenerator efficiency

No

Cycle configuration

Yes

Simulation
software

Max Function:
     efficiency

Oil/water inlet temperature

Results:

No

Yes

Oil/water flow rate

Operating points

Variable Function:

Evaporating pressure, the superheating
and the regenerator efficiency have
been optimized in order to reach the
maximum efficiency.
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ORC scaled prototype

On the other hand, an ORC scaled prototype (1:3) has been constructed to
optimize the design. In this way, the experimental results are used to feedback
the optimization software and tune the final design.

Finally, the expander prototype has been
designed according to a high efficiency
system in cogeneration mode
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ORC scaled prototype

With the final designs of the components, a test accumulating operating hours is
carried out.
• Good performance results are obtained
• Degradation has been observed

Maximum temperature limited to
225ºC



BRICKER DESIGN 3. Act. Investigadora INTEGRATIONOPTIMIZATION

ORC prototypes

Three CHP prototypes have been
constructed, tested and optimized
(control parameters adjusted), and finally
installed in the demo sites (2 units in
Turkey and 1 unit in Belgium)



BRICKER DESIGN 3. Act. Investigadora INTEGRATIONOPTIMIZATION

ORC prototypes

Partial load tests

Test 1 Test 2 Test 3 Test 4
Thermal oil inlet temperature (ºC) 206 217 203 210
Thermal oil outlet temperature (ºC) 133 155 143 143
Thermal oil flow rate (m3/h) 10 10 12 10
Thermal oil thermal power (kWt) 410 380 415 408
Water inlet temperature (ºC) 36 38 58 55
Water outlet temperature (ºC) 46 48 68 65
Water flow rate (m3/h) 28 28 27 29
Water thermal power (kWt) 317 290 330 320
Gross electrical power (kWe) 62,5 59 53 54
Gross electrical efficiency (%) 15,2% 16,0% 13% 14%
Net electrical efficiency (%) 14% 14,8% 11% 12%
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ORC prototypes

Expected performance

Generation 
mode

Cogeneration 
mode

Thermal oil inlet temperature (ºC) 225 225
Thermal oil outlet temperature (ºC) 130 150
Thermal oil flow rate (m3/h) 9-11 9-11
Thermal oil thermal power (kWt) 525 435
Water inlet temperature (ºC) 20 60
Water outlet temperature (ºC) 32 70
Water flow rate (m3/h) 27-31 27-31
Water thermal power (kWt) 405 345
Gross electrical power (kWe) 85 57
Gross electrical efficiency (%) >16% >13%
Net electrical efficiency (%) 14,50% 11,50%

Global efficiency >
85%
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ORC (Integration in Liège)

360 kW (Heating)

50 kW (Net Electricity)

1500 kWt

500 kWt
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ORC (Integration in Liège) – Heating demand < 360 
kWt

0 kW (Heating)

0 kW (Net Electricity)

ORC OFF

Gas boilers
OFF

Heating demand
attended by biomass

boiler

ORC contribution

Biomass
boiler ON 

(modullating)
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ORC (Integration in Liège) – Heating demand [360-
1300] kWt

ORC ON

Gas boilers
OFF

Heating demand
attended by biomass

boiler and ORC

Biomass
boiler ON 

(modullating)

360 kW (Heating)

50 kW (Net Electricity)

ORC contribution
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ORC (Integration in Liège) – Heating demand >1300 
kWt

ORC ON

Gas boilers
ON 

(modullating)

Heating demand
attended by biomass

boiler and ORC

Biomass
boiler ON 

(100%)

360 kW (Heating)

50 kW (Net Electricity)

ORC contribution
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ORC Contribution to CO2 emissions reduction - Liège

Cogeneration 
mode

Thermal oil inlet temperature (ºC) 225
Thermal oil outlet temperature (ºC) 150
Thermal oil flow rate (m3/h) 9-11
Thermal oil thermal power (kWt) 435
Water inlet temperature (ºC) 60
Water outlet temperature (ºC) 70
Water flow rate (m3/h) 27-31
Water thermal power (kWt) 360
Gross electrical power (kWe) 58
Gross electrical efficiency (%) >13%
Net electrical efficiency (%) 11,50%

A reduction of 115 tn CO2 eq / year

540 MWh (Heating)

75 MWh (Net Electricity)

1500 operating hours with 
heating demand > 360 kWt
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ORC (Integration in Turkey)

2 x 360 kW (Heating)

2 x 50 kW (Net Electricity)
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ORC (CO2 emissions reduction) - Turkey

A reduction of 225 tn CO2 eq / 
year

541 MWh Heating

318 MWh Cooling

194 MWh Electricity

3350 operating hours
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Commercial product (Rank® HTC)

Only cogeneration mode makes sense attending global efficiencies
• Up to 80ºC is a general demand in buildings
• Activation limited up to 210ºC
• Global efficiency [(H+E)/Q] up to 85%
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Commercial product (Rank® HTC)

June 
2018

September
2017
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